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© Disk file digital servo control. 



© A disk file digital servo control system incor- 
porates means for measuring the time between sam- 
ples of read/write head position error signals (PES), 
and uses a value of that measured time as part of 
the computation of the digital control signal. The 
digital servo control system has a microprocessor 
which runs a controi signal algorithm, a portion of 
which is a state estimator for estimating the position, 
velocity and acceleration of the head. The state 
estimator requires the use of estimator constants 
^determined from physical parameters of the disk file, 
^including the PES sampling time. By using the ac- 
^tual measured PES sampling time, rather than a 
^©constant value of nominal PES sampling time, the 
® estimator constants can be modified to improve the 
00 accuracy of the computed control signal. This results 
2 in improved performance of the control system to 
move the head to the target track whenever there 
©are variations in the nominal PES sampling time 
^ caused by variations in the disk file drive motor 
UJ speed. 
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DISK FILE DIGITAL SERVO CONTROL 



This invention relates to disk file digital servo 
control systems for read/write head positioning. 

Disk files are information storage devices which 
utilize a rotatable disk with concentric data tracks 
containing the information, a head for reading or 
writing data onto the various tracks, and an actuator 
connected by a support arm assembly to the head 
for moving the head to the desired track and main- 
taining it over the track centerline during read or 
write operations. The movement of the head to a 
desired track is referred to as track accessing or 
"seeking", while the maintaining of the head over 
the centerline of the desired track during a read or 
write operation is referred to as track "following". 

The actuator is typically a "voice coil motor" 
(VCM) which comprises a coil movable through the 
magnetic field of a permanent magnetic stator. The 
application of current to the VCM causes the coil, 
and thus the attached head, to move radially. The 
acceleration of the coil is proportional to the ap- 
plied current, so that ideally there is no current to 
the coil if the head is perfectly stationary over a 
desired track. 

In disk files which have a relatively high den- 
sity of data tracks on the disk, it is necessary to 
incorporate a servo control system to maintain the 
head precisely over the centerline of the desired 
track during read or write operations. This is ac- 
complished by utilizing prerecorded servo informa- 
tion either on a dedicated servo disk or on sectors 
angularly spaced and interspersed among the data 
on a data disk. The servo information sensed by 
the read/write head (or the dedicated servo head if 
a dedicated servo disk is used) is demodulated to 
generate a position error signal (PES) which is an 
indication of the position error of the head away 
from the nearest track centerline. 

A recent development in disk file servo control 
systems, as described in EP-A- 0243821, is a 
digital servo control system which, as part of the 
computation of the control signal to the actuator, 
makes use of a state estimator algorithm to es- 
timate the position and velocity of the head. In this 
type of servo control system, a microprocessor 
receives, at discrete sample times, digital values 
corresponding to the PES and the actuator input 
current, and computes, through the use of the state 
estimator algorithm, a digital control signal. The 
digital control signal is then converted to an analog 
signal and amplified to provide a new actuator 
input current. 

The method of estimating the state of the 
physical plant to be controlled in a digital control 
system requires the use of estimator "constants". 



the derivation of which is described in Digital Con- 
trol of Dynamic Systems . Franklin and Powell, 
Addison-Wesley Publishing Co. (1983). chapter 6, 
pages 131-139. In the case of a disk file, these 

5 estimator constants are dependent upon the values 
of certain physical parameters of the disk file, such 
as the mass of the coil and head/arm assembly, 
the actuator force constant (the force applied to the 
coil per unit of input current), the gain of the VCM 

jo power amplifier, the PES gain and the time be- 
tween PES samples (the PES sampling time). 

The estimator constants are generally referred 
to as "constants" because the values of the phys- 
ical parameters from which they are determined 

75 are generally invariable. However, the PES sam- 
pling time, which is the time between receipt of the 
PES samples by the microprocessor and thus the 
time between the beginning of consecutive control 
signal computations by the microprocessor, is a 

20 function of the speed of the drive motor which 
rotates the disks. Typically, disk file drive motors 
have a specified speed tolerance, e.g. plus/minus 
3%. A variation in drive motor speed translates into 
a variation in the rate at which the head receives 

25 servo position information from the disk. Thus if a 
constant value of PES sampling time, correspond- 
ing to the nominal drive motor speed, is used in 
the estimator constants, the control signal gen- 
erated by the microprocessor will be in error when- 

30 ever the drive motor speed vanes from its nominal 
speed. This control signal error will cause the head 
to undershoot or overshoot the target track when 
the head is moved between tracks, which could 
result in an unacceptable delay in the arrival of the 

35 head to the target track centerline, or in a seek 
error. 

According to one aspect, the invention provides 
a digital servo control method for a disk file 
read write head actuator, the method comprising 

40 processing from detected servo* information a head 
position error signal (PES) and a dock signal re- 
presentative of the beginning of a PES, and com- 
puting at discrete PES sampling times in response 
to digital values corresponding to the PES a digital 

45 control signal for use by the actuator, said comput- 
ing including estimating the state of the actuator 
from, among other things, estimator constants, the 
estimator constants being determined by disk file 
physical parameters including the PES sampling 

so time, the method being characterised by measuring 
the actual PES sampling time, and modifying said 
estimator constants in response to the measured 
actual PES sampling time. 

According to another aspect, the invention pro- 
vides a data recording disk file of the type having 
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at least one rotatable disk with generally concentric 
data tracks thereon, the data disk or a separate 
servo disk having servo information recorded there- 
on, at least one head for reading the servo informa- 
tion during rotation of the disk, means for process- 
ing from the servo information a head position error 
signal (PES) and a clock signal representative of 
the beginning of a PES, an actuator responsive to 
an input signal and attached to the head for posi- 
tioning the head, and computing means for receiv- 
ing, at discrete PES sampling times, digital values 
corresponding to the PES and for computing a 
digital control signal for use by the actuator, said 
computing means including means for estimating 
the state of the actuator from, among other things, 
estimator constants, the estimator constants being 
determined by disk file physical parameters includ- 
ing the PES sampling time, the file being charac- 
terised by including means for measuring the ac- 
tual PES sampling time, and by the computing 
means including means for modifying the estimator 
constants in response to the measured actual PES 
sampling time. 

Preferably, a PES sampling clock generator 
receives the PES clock input corresponding to 
each discrete sample of servo timing information 
recorded on the disk, and generates a micropro- 
cessor interrupt signal. The frequency of the inter- 
rupt signal is thus directly related to the PES clock 
rate, which in turn is directly related to the drive 
motor speed. The sampling clock generator is de- 
signed such that its highest allowable frequency 
output, which corresponds to the highest allowable 
drive motor speed and thus the minimum allowable 
PES sampling time, is equal to the frequency at 
which the microprocessor generates the discrete 
control signals. As part of the computation of the 
control signal, the microprocessor recalls a pre- 
viously stored value of PES sampling time (T) from 
a memory device and uses this value to modify the 
values of the estimator constants. The last instruc- 
tion in the control signal algorithm is the reading 
into the memory device of a value equal to the 
minimum PES sampling time (T min ). If after this last 
instruction no interrupt is received from the sam- 
pling clock generator, the microprocessor contin- 
ues to execute instructions to store in the memory 
device new values of PES sampling time, each 
successive value being incremented by an amount 
equal to the microprocessor cycle time. These 
instructions continue until an interrupt is received 
from the sampling clock generator. During the sub- 
sequent computation of the next control signal the 
new value of the PES sampling time is recalled 
from the memory device and used to modify the 
estimator constants. In this manner, for each new 
control signal computation, the actual PES sam- 
pling time is updated, stored in the memory device 



and recalled to modify the estimator constants dur- 
ing the next control signal computation. In the 
event the value of T exceeds the maximum allowa- 
ble PES sampling time (T max ). corresponding to the 

s slowest allowable drive motor speed, the micropro- 
cessor disables the VCM power amplifier and posts 
an error to the disk file control unit. 

Because the digital servo control system uses 
the actual measured PES sampling time during 

w each computation of the control signal, rather than 
relying upon a constant value based upon the 
nominal drive motor speed, the arrival of the head 
to the target track is substantially improved when 
there are variations in drive motor speed. In addi- 

15 tion, with the use of the digital servo control system 
embodying the present invention, less precise drive 
motors can be used in the disk file. 

How the invention can be carried out will now 
be described by way of example, with reference to 

20 the accompanying drawings, in which:- 

Fig. 1 is a simplified block diagram of a 
digital servo control system embodying the inven- 
tion; 

Fig. 2 is an illustration of servo timing in- 
25 formation and servo position information recorded 
in the form of a quadrature pattern; 

Fig. 3 is a flow chart illustrating the steps in 
the control signal algorithm and the manner in 
which the value of the PES sampling time is'con- 
30 tinuously updated until an interrupt is received; 

Fig. 4 is a comparison of head arrival trajec- 
tories for a typical seek for a digital servo control 
system using a constant nominal PES sampling 
time and for a digital servo control system em- 
35 bodying the invention using actual PES sampling 
time; and 

Fig! 5 is a block diagram of an alternative 
means for measuring the actual PES sampling 
time. 

40 

Referring first to Fig. 1. a pair of disks 10. 12 
are supported on a spindle 14 of a disk file drive 
motor 16. Each of the disks 10, 12 has two sur- 
faces 20. 22 and 24, 26. respectively. For purposes 
45 of this description, surface 20 on disk 10 and 
surfaces 24, 26 on disk 12 are data recording 
surfaces. Surface 22 on disk 10 is a dedicated 
servo surface and contains only prerecorded servo 
information. 

so The servo information on disk 10 is recorded in 

concentric tracks, with the position information typi- 
cally written in such a manner that the intersections 
of adjacent servo tracks on servo surface 22 are 
radially aligned with the centerlines of the data 

55 tracks on surfaces 20. 24. and 26. A conventional 
quadrature servo pattern is depicted in Fig. 2. The 
servo pattern includes a synchronization area 27. 
which provides timing information corresponding to 
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the beginning of a set of servo position blocks, and 
servo block area 29, which provides head position 
information. 

The specific tracks on the data disks and the 
servo disk are accessed by heads 30, 32, 34, 36, 
each of which is associated with a respective disk 
surface and supported by an associated arm as- 
sembly. The heads 30, 32, 34, 36 are attached to a 
common accessing means or actuator, such as 
VCM 40. Thus the heads 30, 32, 34, 36 are all 
maintained in a fixed relationship with one another 
relative to the radial position on their respective 
disk surfaces. 

The signal read by servo head 32 is input to 
amplifier 42 and then demodulator 44. While the 
invention may be applied to operate with any of 
numerous types of servo patterns and servo signal 
demodulation techniques, the servo control system 
will be explained with reference to the quadrature 
servo pattern, as represented in Fig. 2. The servo 
position information in block area 29 in the quadra- 
ture pattern on servo surface 22 is demodulated by 
demodulator 44 to generate two separate analog 
waveforms, designated primary (PESP) and 
quadrature (PESQ), as shown in Fig. 1. The analog 
PESP and PESQ signals from demodulator 44 are 
sent to analog-to-digital (A.-D) converters 88. 89, 
respectively. The discrete values of PESP and 
PESQ at any sample time are designated PESP(n) 
and PESQ(n). where n represents a time index for 
each digital sample. 

A microprocessor 80 is connected by data bus 
84 and suitable address bus (not shown) to suitable 
memory devices, such as read/write memory 
(RAM) 82 and programmable read only memory 
(PROM) 83.- Micro processor 80 utilizes a control 
signal algorithm, as described in the aforemen- 
tioned EP-A- 0243821 to generate a control signal 
u(n). The control signal u(n) is output to digital-to- 
analog converter (DAC) 92 and amplified by power 
amplifier 58 to generate an analog current i(t) to 
VCM 40. The analog current i(t) is fed back to 
analog-to-digital (A, D) converter 90. which provides 
a digital current signal i(n) to microprocessor 80. 
Microprocessor 80 thus receives as inputs, at dis- 
crete sample times, the digital actuator current i(n) 
and the digital head position error signals PESP(n) 
and PESQ(n). Microprocessor 80 computes the ac- 
tual position error signal PES(n) from the values of 
PESP(n) and PESQ(n). using conventional logic, as 
described in EP-A- 0243821. 

As previously described, demodulator 44 de- 
modulates the position information in servo block 
area 29 from the quadrature servo pattern (Fig. 2) 
to generate analog PESP and PESQ signals. De- 
modulator 44 also contains synchronization detec- 
tion circuitry 45 which receives the timing informa- 
tion from the synchronization areas 27 of the 



quadrature servo pattern and outputs a PES clock 
signal. The PES clock signal is output by synchro- 
nization detection circuitry 45 at a frequency cor- 
responding to the rate at which the synchronization 
5 areas 27 in the servo pattern pass beneath the 
servo head 32. Thus the PES clock frequency is 
determined by the number of discrete sets of servo 
position blocks 29, (and thus the number of cor- 
responding synchronization areas 27) recorded ei- 
70 ther on the dedicated servo disk or in sectors on 
the data disk, and the rotational speed of the drive 
motor 16. Since the number and spacing of re- 
corded synchronization areas 27 are fixed, the PES 
clock frequency is solely a function of the rotational 
75 speed of drive motor 16. 

The PES clock signal synchronization detection 
circuitry 45 is input to a sampling clock generator 
65 which provides an interrupt signal to micropro- 
cessor 80. Sampling clock generator 65 may be a 
20 digital counter which divides the PES clock fre- 
quency by a fixed value to provide an interrupt 
signal at a frequency substantially slower than the 
PES clock input frequency. 

In one embodiment of the invention, the com- 
25 bination of the synchronization areas 27 recorded 
on the disk and the nominal speed of drive motor 
16 results in a PES clock frequency of approxi- 
mately 3 MHz, corresponding to a time between 
PES clock pulses of approximately 330 
30 nanoseconds (ns). The sampling clock generator 
65 is a divide-by-336 digital counter which is reset 
for every revolution of the drive motor 16 by an 
index pulse corresponding to the beginning of a 
servo track and recorded on servo disk surface 22. 
35 Thus, the frequency of the interrupt signal gen- 
erated by the sampling clock generator 65 in re- 
sponse to this nominal PES clock input frequency 
is approximately 8.9 kHz <3MHz 336). This cor- 
responds to a time between interrupt signals of 
40 approximately 112 microseconds. If the drive motor 
16 has a speed tolerance of plus/minus 3%, then 
the time between PES clock pulses can vary be- 
tween plus/minus approximately 10 ns. and the 
time between interrupt signals from sampling clock 
45 generator 65 can vary between plus minus approxi- 
mately 3.4 microseconds' 

Each interrupt signal to microprocessor 80 ini- 
tiates the beginning of the control signal algorithm. 
Thus the time between interrupts received by 
so microprocessor 80 corresponds to the PES sam- 
pling time, the value of which affects the values of 
the estimator constants used in the state estimator 
portion of the control signal algorithm. 

The specific algorithm for the computation of 
55 the control signal is described in EP-A- 0243821. 
As part of the control signal computation, a state 
estimator is utilized which computes an estimate of 
the head position, velocity, and acceleration. The 
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state estimator requires the use of estimator con- 
stants, which are defined below. 

pi 2 - K x * T, 

pu = g 3 t = K x • K, ' T*/<2 - M), 
p 23 = g 32 = K, ' (T/M), 

gn = K x " K, • K p ' D ' (T 2 + T • m + m 2 )/(6 * M) 

gt2 = K ( " K p * D " (T + m)/(2 * M>. 

g21 = K x " K, • K p ■ (m3)/(6 ' M), 

g22 = K { " K p • (m 2 )/(2 * M), 

where: 

K x = PES gain, 

K,= VCM force constant (the force generated by 

the VCM per unit 

of input current), 

K p = power amplifier gain, 

T = PES sampling time, 

D = computation time delay between availability of 
analog PES and availability of digital control signal, 
m = T - D, and 

M = mass of coil and head arm assembly. 

The Pij, Qij terms are generally invariable since 
they are functions of physical parameters of the 
disk file which do not generally change. However, 
as indicated previously, the disk drive motor 16 has 
a tolerance about its nominal rotational speed 
which causes the PES sampling time T to vary 
accordingly. If the nominal sampling time T is 
maintained as a constant during the computation of 
the control signal, then the head velocity predicted 
by the state estimator will be higher or lower then 
the actual head velocity whenever the disk drive 
motor speed varies from its nominal value. The 
result will be an unacceptable undershoot or over- 
shoot of the head to the target track during a track 
seek, which significantly increases the access time 
of the actuator. 

Referring now to Fig. 3, there is illustrated a 
flow chart for the control signal algorithm which 
incorporates the measured actual PES sampling 
time (T). The microprocessor 80 begins the control 
signal computation upon receipt of an interrupt. 
The PESP and PESQ values are then read and the 
estimated values of head position, velocity and 
acceleration are computed from the previous pre- 
dicted values. (The specific equations for the com- 
putation of the estimated and predicted values are 
set out in EP-A- 0243821. The value of actuator 
input current V is then read, and the digital control 
signal "u M is computed and output to DAC 92. The 
next instruction is to modify the values of pij and g Vl 
by recomputing them, based upon the actual value 
of T in RAM 82. (The initial value of T, which is the 
value used for the first control signal calculation 
after power on, may be either part of the algorithm 
or recalled from PROM 83). Following the modifica- 
tion of pij and gij, the predicted values of head 
position and velocity are computed through the use 



of the state estimator and the modified estimator 
constants. The next instruction in the algorithm is 
to write to RAM 82 a predetermined value of T 
equal to the minimum PES sampling time (Tmj n ). It 
5 should be apparent that T min , which corresponds to 
the highest possible drive motor speed, is selected 
to be equal to the time required for microprocessor 
80 to run the complete control signal algorithm 
from receipt of the interrupt to execution of the 
70 instruction to store T mjn in RAM 82. As indicated in 
Fig. 3. the microprocessor 80 continues to perform 
additional instructions, each of which is to write into 
RAM 82 a new value of T incremented by T de i ta , 
where T de , ta equals the cycle time of microproces- 
/5 sor 80. Thus, with each cycle of microprocessor 80 
the value of T stored in RAM 82 is continuously 
increased, so long as no interrupt is received from 
sampling clock generator 65. When an interrupt is 
received by microprocessor 80, no further instruc- 
20 tions are executed and the microprocessor then 
begins computation of a new control signal by 
inputting the next PESP and PESQ values. The 
value of T stored in RAM 82 immediately following 
receipt of an interrupt is equal to the fixed value of 
25 T min plus a discrete number of T de i la values cor- 
responding to the number of microprocessor cy- 
cles which have occurred between the instruction 
to write T min and receipt of the interrupt. Thus it 
should be apparent that RAM 82 is continually 
30 updated with the actual PES sampling time and 
this actual value is recalled and used to modify the 
estimator constants pij and g^. The maximum num- 
ber of microprocessor cycles N which can be run 
after the writing of T min to RAM 82 is selected so 
35 that N • T delIa equals the range of PES sampling 
time variation. If no interrupt is received after N 
microprocessor cycles, the microprocessor 80 
posts an error to the disk file control unit and 
disables VCM power amplifier 58. 
40 In one embodiment of the invention, the nomi- 

nal PES sampling time is 112 microseconds, which 
is the nominal time between interrupts output by 
sampling clock generator 65 and corresponds to 
the drive motor running at its nominal speed; 
45 T min equals approximately 109 microseconds and 
T maK equals approximately 115 microseconds. The 
microprocessor has a cycle time of 200 ns. The 
value of N is selected to be 30 so that 30 additional 
instructions (corresponding to 6 microseconds) for 
so the computation of T can occur after the loading of 
RAM 82 with T mjn . The execution of all 30 addi- 
tional instructions would occur only if the drive 
motor speed was at its slowest allowable speed. 
Fig. 3 illustrates an embodiment which requires 
55 that N additional instructions be stored in PROM 
83, but which maximizes the PES sampling time 
accuracy because the PES sampling time incre- 
ment is just one microprocessor cycle, i.e. the time 
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to load a new value of T into RAM 82. These N 
instructions could be reduced by the use of a "DO 
LOOP" type of approach, as follows: 
Load RAM 82 with T = T min 
10 Get T from RAM 82 
T = T + T deI , a 
Load RAM 82 with T 
GO TO 10 

The above loop would continue until an interrupt 
was received. Although this approach reduces the 
number of storage locations, there would be more 
than one microprocessor cycle for each PES sam- 
pling time increment, which would result in less 
accuracy for the measurement of the actual PES 
sampling time. 

The improved performance of a digital servo 
control system embodying the present invention is 
depicted in Figs. 4A and 4B. In Fig. 4A there is 
illustrated the variation of the PES voltage during a 
typical track seek for three different speeds of the 
drive motor: a nominal speed indicated by the solid 
line, a speed of 3% greater than nominal indicated 
by the dotted line, and a speed 3% less than 
nominal indicated by the dashed line, it should be 
apparent from Fig. 4A that whenever the drive 
motor is operating other than at nominal speed, 
there is degraded performance in the arrival of the 
head to the target track because of the incorrect 
values of the estimator constants used to generate 
the estimated head position and velocity as part of 
the control signal computation. The same three 
track seeks are depicted in Fig. 4B, with the excep- 
tion that although there is the same variation in 
drive motor speed, the present invention has been 
applied to modify the estimator constants during 
the computation of the control signal. As should be 
apparent from the last few milliseconds of the track 
seeks depicted in Fig. 4B, the head arrives with the 
optimum trajectory to the target track regardless of 
variations in drive motor speed. 

The above described technique for utilizing the 
actual PES sampling time to modify the estimator 
constants p*, and is the preferred embodiment. 
There are alternative embodiments for measuring 
the actual PES sampling time and using that mea- 
sured value to update the estimator constants. One 
such embodiment is depicted in Fig. 5. In this 
embodiment, the output of sampling clock gener- 
ator 65. which will have a nominal frequency with a 
tolerance corresponding to the tolerance of the 
drive motor speed tolerance, is output to a 
frequency-to-voltage converter 67. The output from 
frequency-to-voltage converter 67 is a DC voltage 
which is directly related to the frequency output 
from sampling clock generator 65. This DC voltage 
is then converted to a digital value by AD con- 
verter 68 and input to data bus 84 where it is 
available for reading by microprocessor 80. Thus, 



rather than using the microprocessor software to 
detect the PES sampling time T, the microproces- 
sor 80 directly reads a value corresponding to the 
actual PES sampling time and uses that value to 
5 modify the estimator constants during the computa- 
tion of the control signal. 

Claims 

10 

1. A digital servo control method for a disk file 
read/write head actuator, the method comprising 
processing from detected servo information a head 
position error signal (PES) and a clock signal re- 

75 presentative of the beginning of a PES, and com- 
puting at discrete PES sampling times in response 
to digital values corresponding to the PES a digital 
control signal for use by the actuator, said comput- 
ing including estimating the state of the actuator 

20 from, among other things, estimator constants, the 
estimator constants being determined by disk file 
physical parameters including the PES sampling 
time, the method being characterised by 
measuring the actual PES sampling time, and 

25 modifying said estimator constants in response to 
the measured actual PES sampling time. 

2. A data recording disk file of the type having 
at least one rentable disk with generally concentric 
data tracks thereon, the data disk or a separate 

30 servo disk having servo information recorded there- 
on, at least one head for reading the servo informa- 
tion during rotation of the disk, means for process- 
ing from the servo information a head position error 
signal (PES) and a clock signal representative of 
35 the beginning of a PES, an actuator responsive to 
an input signal and attached to the head for posi- 
tioning the head, and computing means for receiv- 
ing, at discrete PES sampling times, digital values 
corresponding to the PES and for computing a 
40 digital control signal for use by the actuator, said 
computing means including means for estimating 
the state of the actuator from, among other things, 
estimator constants, the estimator constants being 
determined by disk file physical parameters includ- 
es ing the PES sampling time, the file being charac- 
terised by including 

means for measuring the actual PES sampling 
time, and by the computing means including 
means for modifying the estimator constants in 
so response to the measured actual PES sampling 
time. 

3. A disk file as claimed in claim 2. wherein the 
measuring means comprises: 

means for generating an interrupt to the computing 
55 means in response to receipt of a predetermined 
number of PES clock signals; 
means for storing a first value corresponding to a 
predetermined PES sampling time: and 
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wherein the computing means includes means for 
repetitively increasing said first value by a pre- 
determined increment and for terminating said up- 
dating in response to an interrupt from said inter- 
rupt generating means. 5 

4. A disk file as claimed in claim 3, wherein the 
computing means is a microprocessor and wherein 
the means for repetitively increasing said first value 
comprises means for updating said first value for 
each microprocessor cycle, and wherein the pre- w 
determined increment is a value corresponding to 

the microprocessor cycle time. 

5. A disk file as claimed in claim 3 or claim 4, 
wherein the means for storing said first value com- 
prises means for storing a value of a PES sampling is 
time corresponding to the minimum allowable rota- 
tional speed of the rotatable disk. 

6. A disk file as claimed in claim 2 ( wherein the 
measuring means comprises: 

means coupled to the PES clock signal processing 20 
means for generating a PES sampling clock signal 
having a frequency directly proportional to the fre- 
quency of the PES clock signal; 
means coupled to the PES sampling clock signal 
generating means for generating a DC voltage sig- 25 
nal directly proportional to the frequency of the 
PES sampling clock signal; and 
an analog-to-digital conversion means coupled to 
the DC voltage signal generating means and to the 
computing means for generating a digital signal to 30 
the computing means. 
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© A disk file digital servo control system incor- 
porates means for measuring the time between sam- 
ples of read/write head position error signals (PES), 
and uses a value of that measured time as part of 
the computation of the digital control signal. The 
digital servo control system has a microprocessor 
which runs a control signal algorithm, a portion of 
which is a state estimator for estimating the position, 
velocity and acceleration of the head. The state 
estimator requires the use of estimator constants 
determined from physical parameters of the disk file, 
including the PES sampling time. By using the ac- 
tual measured PES sampling time, rather than a 
constant value of nominal PES sampling time, the 
estimator constants can be modified to improve the 
accuracy of the computed control signal. This results 
in improved performance of the control system to 
move the head to the target track whenever there 
are variations in the nominal PES sampling time 
caused by variations in the disk file drive motor 
speed. 
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